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The HLA complex, located on chromosome 6, 
comprises the most polymorphic genes in humans[1] 
and plays a pivotal role in matching for haematopoietic 
stem cell transplantation (HSCT).[2] Allele-level HLA 
matching between donors and recipients reduces 
the likelihood of rejection and graft-versus-host disease (GVHD).[3] 
The South African (SA) population is characterised by great genetic 
diversity and the presence of population-specific and uncommon 
alleles decreases the probability of finding an HLA-compatible donor. 
The majority of individuals in a given population group possess 
common alleles, but several uncommon population-specific alleles 
are also present.[4]
HLA typing was initially performed using serological techniques. 
In the 1960s, this was the sole method of determining tissue types. 
Even though this method is still performed in some laboratories 
today, there are numerous limitations. In the mid-1990s, DNA-based 
techniques became more popular and were used to complement 
serological techniques. Today most laboratories primarily use probe/
primer-based techniques, which assign genotypes on the basis 
of previously identified alleles. However, as a result of the ever-
increasing number of new alleles, genotyping has become challenging. 
An accurate high-resolution HLA genotyping method is therefore a 
necessary tool for the matching of donors to patients in need of an 
unrelated HSCT. Inaccurate typing could lead to inadequate HLA 
matching between donors and recipients, which could ultimately 
increase the chances of graft rejection, GVHD and mortality.
The existing techniques have contributed significantly to our 
current knowledge of allelic diversity. At present, sequence-based 
typing (SBT) methods, in particular next-generation sequencing 
(NGS), provide the highest possible resolution. NGS platforms 
were initially only used for genomic sequencing, but also showed 
potential for research and diagnostic purposes. Even though these 
newly developed techniques have already proved to be efficient in 
identifying novel alleles, the more conventional techniques are still 
preferred for routine procedures in many diagnostic laboratories. 
Exons 2 and 3 for class I and exon 2 for class II are routinely 
sequenced because they constitute the peptide-binding region of the 
corresponding HLA molecules. Alleles that are identical across this 
region but differ in other exons are referred to as ambiguous alleles. 
Sequencing of additional exons has been shown to reduce these 
ambiguities and produce better allele resolution, and could improve 
matching between unrelated donors and recipients for HSCTs.[5]
The purpose of this study was to evaluate whether NGS can 
provide any additional value over conventional techniques in the SA 
context for the purpose of HSCT and cord blood banking.
Methods
Twenty DNA samples isolated from peripheral blood mononuclear 
cells were selected from the South African Bone Marrow Registry. 
Each DNA sample had already been HLA genotyped by the 
Laboratory for Tissue Immunology at the time of commencement 
of the study. HLA typing was performed using low- and/or high-
resolution typing techniques. This study made use of the Life 
Sciences, Roche 454 NGS platform for genotyping of the samples. All 
laboratory procedures for this study were performed according to the 
HLA assay manual (Roche Applied Science GS GHLA Assay Manual, 
March 2011). The typing kit targets the most hypervariable regions of 
the MHC class I and class II genes. The GS GType HLA Primer sets 
(Roche Applied Science, Germany) were made available as two kits, 
medium resolution (MR) and high resolution (HR). Sequencing was 
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performed by Inqaba Biotec on a GS Junior 
sequencer. The raw sequencing data were 
assembled and analysed using JSI SeqHLA 
454 software (version 3.16.0) (JSI Medical 
Systems, Germany). 
Ethical considerations
This study was conducted in the Department 
of Immunology at the University of Pretoria, 
SA. Ethical approval was granted in 2010 
by the Faculty of Health Sciences Research 
Ethics Committee (Protocol No. 131/2010) 
for the project entitled ‘Feasibility study 
for a public cord blood stem cell bank in 
South Africa’, of which the current study 
formed part. The proposal for this study 
was submitted in November 2011, followed 
by ethical approval, which was granted by 
the Ethics Committee of the University 
of Pretoria (Protocol No. 219/2011). 
Separate ethical approval was granted by 
the University of Cape Town (Protocol No. 
523/2011) for the use of the 20 samples 
obtained from the Laboratory for Tissue 
Immunology, Groote Schuur Hospital, Cape 
Town.
Results
Samples 1 - 10 (Table 1) were previously 
typed by high resolution at class I and class 
II loci. Samples 11 - 20 (Table 2) were typed 
by low resolution at class I loci and by high 
resolution at class II loci. Genotypes obtained 
using these conventional techniques are 
shown in column 3, and the results obtained 
from the present study by NGS (Roche 454) 
of routinely sequenced exons and additional 
exons for the five loci of interest are shown in 
columns 4 and 5, respectively. Results from 
the conventional techniques are displayed 
at a two- to four-digit level of resolution, 
depending on the technique used. In cases 
where a conventional typing result was not 
identical to an allele in the ambiguity list 
obtained by NGS, a sample was said to be in 
disagreement.
Side-by-side comparison of the results 
obtained from conventional and NGS typing 
for samples 1 - 10 showed 99% and 98% 
concordance between conventional typing 
techniques and NGS for routinely sequenced 
exons and additional exons, respectively. 
The results for samples 11 - 20 showed 98% 
concordance between conventional typing 
techniques and NGS for both routinely 
sequenced exons and additional exons. It 
was possible to assign accurate genotypes 
to 98.25% of the loci of interest for the 20 
samples by NGS. 
The genotypic discordance between the 
conventional techniques and NGS typing of 
routinely sequenced exons was mainly due 
Table 1. HLA genotyping results for samples 1 - 10 by conventional and 454 NGS techniques
ID Ethnicity
Conventional techniques 
(SBT and SSP) 454 NGS (MR) 454 NGS (HR)
HLA-A
1 Mixed ancestry 02:01 03:01 02:01 03:01 02:01 03:01 
2 Tanzanian 30:02 68:02 30:02 68:02 30:02 68:02 
3 SA black 68:02 74:01 68:02 74:01 68:02 74:01 
4 Mixed ancestry 02:01 66:01 02:01* 66:01* 02:135 69:02
5 SA black 02:01 29:02 02:01 29:02 02:01 29:02 
6 Mixed ancestry 03:01 11:01 03:01 11:01 03:01 11:01 
7 Kenyan 02:01 02:02 02:01 02:02 02:01 02:02 
8 SA black 68:02 68:02 68:02 68:02 68:02 68:02 
9 SA black 68:02 74:01 68:02 74:01 68:02 74:01 
10 Mixed ancestry 30:01 43:01 30:01 43:01 30:01 43:01 
HLA-B
1 Mixed ancestry 07:02 08:01 07:02 08:01 07:02 08:01 
2 Tanzanian 08:01 44:03 08:01 44:03 08:01 44:03 
3 SA black 07:02 15:03 07:02 15:03 07:02 15:03 
4 Mixed ancestry 13:02 35:02 13:02 35:02 13:02 35:02 
5 SA black 45:01 45:07 45:01 45:01* 45:01 45:07
6 Mixed ancestry 07:02 07:06 07:02 07:06 07:02 07:06 
7 Kenyan 45:01 51:01 45:01 51:01 45:01 51:01 
8 SA black 15:10 57:02 15:10 57:02 15:10 57:02 
9 SA black 15:03 15:10 15:03 15:10 15:03 15:10 
10 Mixed ancestry 15:10 42:01 15:10 42:01 15:10 42:01 
HLA-C
1 Mixed ancestry 07:01 07:02 07:01 07:02 07:01 07:02
2 Tanzanian 07:01 14:03 07:01 14:03 07:01 14:03 
3 SA black 02:10 07:02 02:10 07:02 02:10 07:02 
4 Mixed ancestry 04:01 06:02 04:01 06:02 04:01 06:02 
5 SA black 06:02 16:01 06:02 16:01 06:02 16:01 
6 Mixed ancestry 07:02 07:02 07:02 07:02 07:02 07:02 
7 Kenyan 16:01 16:01 16:01 16:01 16:01 16:01 
8 SA black 03:04 18:01 03:04 18:01 03:04 18:01 
9 SA black 02:10 08:04 02:10 08:04 02:10 08:04 
10 Mixed ancestry 04:01 17:01 04:01 17:01 04:01 17:01 
HLA-DRB1
1 Mixed ancestry 01:01 03:01 01:01 03:01 01:01 03:01 
2 Tanzanian 03:01 13:02 03:01 13:02 03:01 13:02 
3 SA black 11:01 13:02 11:01 13:02 11:01 13:02
4 Mixed ancestry 07:01 11:04 07:01 11:04 07:01 11:04
5 SA black 11:02 13:01 11:02 13:01 11:02 13:01 
6 Mixed ancestry 15:01 15:01 15:01 15:01 15:01 15:01
7 Kenyan 03:01 15:03 03:01 15:03 03:01 15:03 
8 SA black 03:01 13:02 03:01 13:02 03:01 13:02
9 SA black 11:01 13:02 11:01 13:02 11:01 13:02
10 Mixed ancestry 03:02 04:01 03:02 04:01 03:02 04:01 
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to ambiguous typing results. Many alleles 
are identical across exons 2 and 3 of the 
HLA genes, since several polymorphisms 
are located outside the sequenced region. [6] 
Discordance was observed for samples 4 
(HLA-A in an individual of mixed ancestry), 
5 (HLA-B in a black South African), 12 
(HLA-B in a black South African) and 19 
(HLA-DRB1 in a black South African). 
Discussion
HLA genotyping is performed on a routine 
basis for various applications including 
HSCT. Mismatching between donors and 
recipients could lead to graft rejection and 
increased morbidity and mortality. Accurate 
HLA typing is therefore critical for successful 
engraftment. The limited number of studies 
that have targeted African populations 
and the high diversity of these individuals 
affect the degree of certainty with which a 
genotype is assigned. In many instances, 
genotypes are assigned based on the 
predominant frequencies of HLA genotypes 
in a given population. This could affect 
the assignment of rare alleles, especially in 
African populations, where many alleles have 
not yet been comprehensively described. 
Numerous alleles are identical across exons 
2 and 3 of the HLA genes,[6] which creates 
a challenge in accurately assigning HLA 
genotypes, leading to ambiguous typing 
results. The ambiguity observed in this 
cohort is greater when compared with the 
results of Holcomb et al.[7] The degree of 
ambiguity observed could be a result of the 
paucity of knowledge on polymorphisms at 
HLA loci present in black SA and African 
individuals in general. An alternative 
approach to resolving ambiguity would be to 
sequence the entire gene of interest,[8] which 
might be helpful in resolving this ambiguity. 
However, polymorphisms outside the 
peptide-binding region may not affect the 
outcome of transplantation. According to a 
study by Pasi et al.,[9] several DRB1 alleles are 
identical across the peptide-binding region, 
but possess nucleotide changes outside the 
peptide-binding region that are unlikely to 
influence the outcome of transplantation. 
The degree of resolution obtained for 
HLA typing has increased over the years 
with the emergence of various DNA-based 
typing techniques. Serological techniques 
are able to assess antigen expression but 
are unable to distinguish between cross-
reactive groups. Probe- and primer-
based DNA typing methods are able to 
determine alleles based on known variants. 
However, rare and undescribed variants 
cannot be identified by these techniques, 
which creates a challenge in accurately 
Table 1.  (continued) HLA genotyping results for samples 1 - 10 by conventional and 454 NGS 
techniques
ID Ethnicity
Conventional techniques 
(SBT and SSP) 454 NGS (MR) 454 NGS (HR)
HLA-DQB1
1 Mixed ancestry 02:01 05:01 02:01 05:01 02:01 05:01 
2 Tanzanian 02:01 06:04 02:01 06:04 02:01 06:04 
3 SA black 03:19 06:09 03:19 06:09 03:19 06:09
4 Mixed ancestry 02:02 03:01 02:02 03:01 02:02 03:01 
5 SA black 03:01 06:03 03:01 06:03 03:01 06:03 
6 Mixed ancestry 05:02 06:02 05:02 06:02 05:02 06:02 
7 Kenyan 02:01 06:02 02:01 06:02 02:01 06:02 
8 SA black 02:01 06:09 02:01 06:09 02:01 06:09 
9 SA black 06:02 06:09 06:02 06:09 06:02 06:09 
10 Mixed ancestry 03:02 04:02 03:02 04:02 03:02 04:02 
SSP = sequence-specific primers; bold font highlights the differences observed between conventional techniques and MR and HR.
*Ambiguous typing result.
Table 2. HLA genotyping results for samples 11 - 20 by conventional and 454 NGS 
techniques
ID Ethnicity
Conventional techniques 
(Luminex and SSP) 454 NGS (MR) 454 NGS (HR)
HLA-A
11 SA black 29:XX 36:01 29:02 36:01 29:02 36:01
12 SA black 23:XX 43:XX 23:01 43:01 23:01 43:01
13 SA black 23:XX 66:XX 23:01 66:01 23:01 66:01
14 SA black 26:XX 80:XX 26:01 80:01 26:01 80:01
15 Mixed ancestry 02:XX 68:XX 02:03 68:02 02:03 68:02
16 SA black 23:XX 34:XX 23:01 34:02 23:01 34:02
17 SA black 24:XX 68:XX 24:02 68:01 24:02 68:01
18 Mixed ancestry 02:XX 29:XX 02:01 29:01 02:01 29:01
19 SA black 03:XX 34:XX 03:01 34:02 03:01 34:02
20 SA black 30:01 30:01 30:01 30:01 30:01 30:01
HLA-B
11 SA black 44:XX 53:XX 44:03 53:01 44:03 53:01
12 SA black 15:03 15:03 15:01 15:03 15:01 15:03
13 SA black 45:XX 58:XX 45:01 58:02 45:01 58:02
14 SA black 15:01 18:XX 15:01 18:01 15:01 18:01
15 Mixed ancestry 51:XX 53:XX 51:01 53:01 51:01 53:01
16 SA black 07:XX 44:XX 07:05 44:03 07:05 44:03
17 SA black 08:XX 58:XX 08:01 58:02 08:01 58:02
18 Mixed ancestry 40:XX 15:03 40:01 15:03 40:01 15:03
19 SA black 44:XX 44:XX 44:03 44:03 44:03 44:03
20 SA black 15:03 58:XX 15:03 58:01 15:03 58:01
HLA-C
11 SA black 04:XX 07:XX 04:01 07:01 04:01 07:01
12 SA black 04:XX 18:XX 04:01 18:02 04:01 18:02
13 SA black 06:XX 16:XX 06:02 16:01 06:02 16:01
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assigning unknown HLA genotypes. The 
primer-based method has higher specificity 
and is able to genotype at an intermediate 
resolution. As more HLA alleles are 
discovered, both these techniques require 
updated primers and probes to account 
for the allelic diversity present in a given 
population. The degree of HLA variation 
found in African populations makes it 
challenging to assign genotypes typed 
at low to intermediate resolution. It is 
therefore essential that a reliable minimal 
four-digit resolution typing method 
be used for correct assignment of HLA 
alleles and haplotypes, especially for 
HSCT. The question is whether SBT or 
NGS technologies enable better resolution 
of HLA ambiguities, especially in African 
populations. The data in this small sample 
set suggest that neither method has the 
advantage over the other, and that 454 
NGS, despite generating large numbers of 
shorter reads, does not provide a great 
enough increment in resolution to warrant 
implementation on a routine basis. 
Conclusion
The equipment and reagents for NGS 
techniques are costly and not readily accessible 
to the majority of research and diagnostic 
institutions in developing countries such as 
SA. This study therefore indicates that the 
value of NGS over conventional techniques 
will only become significant in the context of 
HSCT and cord blood banking in SA when 
the number of samples increases to the point 
where NGS becomes more cost-effective than 
conventional techniques.[10] 
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Table 2.  (continued) HLA genotyping results for samples 11 - 20 by conventional and 
454 NGS techniques
ID Ethnicity
Conventional techniques 
(Luminex and SSP) 454 NGS (MR) 454 NGS (HR)
14 SA black 02:XX 04:XX 02:02 04:01 02:02 04:01
15 Mixed ancestry 04:XX 14:XX 04:01 14:02 04:01 14:02
16 SA black 04:XX 07:XX 04:01 07:02 04:01 07:02
17 SA black 06:XX 07:XX 06:02 07:02 06:02 07:02
18 Mixed ancestry 03:XX 04:XX 03:04 04:01 03:04 04:01
19 SA black 02:XX 04:XX 02:02 04:01 02:02 04:01
20 SA black 02:XX 06:XX 02:10 06:02 02:10 06:02
HLA-DRB1
11 SA black 11:01 11:01 11:01 11:01 11:01 11:01
12 SA black 03:01 15:01 03:01 15:01 03:01 15:01
13 SA black 12:01 13:01 12:01 13:01 12:01 13:01
14 SA black 04:05 07:01 04:05 07:01 04:05 07:01
15 Mixed ancestry 01:02 14:04 01:02 14:04 01:02 14:04
16 SA black 03:01 13:01 03:01 13:01 03:01 13:01
17 SA black 12:01 13:01 12:01 13:01 12:01 13:01
18 Mixed ancestry 07:01 13:01 07:01 13:01 07:01 13:01
19 SA black 13:01 15:02 13:01 15:01 13:01 15:01
20 SA black 04:04 08:04 04:04 08:04 04:04 08:04
HLA-DQB1
11 SA black 06:02 06:02 06:02 06:02 06:02 06:02
12 SA black 03:01 06:02 03:01 06:02 03:01 06:02
13 SA black 03:01 06:02 03:01 06:02 03:01 06:02
14 SA black 02:02 03:02 02:02 03:02 02:02 03:02
15 Mixed ancestry 05:01 05:03 05:01 05:03 05:01 05:03
16 SA black 03:01 06:03 03:01 06:03 03:01 06:03
17 SA black 05:01 06:03 05:01 06:03 05:01 06:03
18 Mixed ancestry 02:02 06:03 02:02 02:02 02:02 02:02
19 SA black 06:02 06:03 06:02 06:03 06:02 06:03
20 SA black 03:19 04:02 03:19 04:02 03:19 04:02
XX = no high-resolution (four-digit level) data available; bold font highlights the differences observed between conventional 
techniques and MR and HR.
*Ambiguous typing result. 
